Polyimide-coated fused-silica capillaries are generally utilized in capillary electrophoresis (CE). They are flexible and can be conveniently coiled into relatively small sizes. Such configurations permit a compact design of the instrumentation and simplify both the temperature control and Joul-heat removal on the capillary.) Karger et al. have reported on the influence of a 3.2-cm diameter coil on the performance in CE2 as well as the development of a temperature-control system using a 4.7-cm diameter coil.) However, they used a capillary coiled to only one or two loops.
In this study we made a capillary coiled having ten loops of 1-cm diameter, which has about 30-cm length of the coiling part, for practical use as a compact instrument. The coiled capillary was examined concerning its performance using an enantiomeric separation mode of micellar electrokinetic chromatography (MEKC); cyclodextrins (CD) was used for dansyl(DNS)-amino acids. 3, 4 As a result, it should be emphasized that the coiled capillary, which was inserted between aluminum plates to remove Joul heat, showed an equal or better resolution than did a straight capillary.
Experimental

Reagents
Six DNS-amino acids (DNS-DL-Phe, DNS-DL-Trp, DNS-DL-Asp, DNS-DL-Met, DNS-DL-NIe and DNS-DLLeu) were purchased from Sigma Chemical Co. Sodium dodecyl sulfate (SDS) and /3-and y-cyclodextrin (CD) were received from Nacalai Tesque, Inc. All other reagents used were of commercially available special grade. Deionized water was distilled for use. to 80-cm lengths, including a 60-cm effective length. A part of each capillary was coiled to form two to ten loops of 1-cm diameter. The coiling started at a point of 35-cm from the end of outlet. Thus, a capillary having ten loops had straight parts of 35-and 15-cm on the side of the outlet and inlet, respectively. The coiled parts were maintained using transparent tapes. The coiled capillary was employed with or without Teflon (2 cmX4 cmX 1.0 mm(t)) or aluminum plates (2 cmX4 cmX 1.0 mm(t)), where the capillary was inserted between plates having a 0.5-mm gap.
Procedure Sodium dodecyl sulfate was dissolved in 50 mmol dm 3 borate buffer (pH 9.0), and CD was dissolved in the SDS solution. An SDS solution containing CD was subjected to a 0.22-µm membrane filter. Dansyl-amino acids were dissolved in the solution at 4X104 mol dm 3 and used as a sample. The sample was introduced into a capillary for 30 s from 15-cm height by siphoning. An applied voltage of 15 kV was used and DNS-amino acids were detected at a wavelength3 of 200 nm with a modified UV detector of Shimadzu Co. SPD-6A. Results and Discussion
Influence of coiling on performance in CE Recently Terabe et al.3'4 reported that CD-MEKC, which is a mode of CE, gave a good result for the enantiomeric separation of DNS-DL-amino acids using CD together with SDS. When CD is added to a micellar solution, some solutes, such as DNS-DL-amino acids, must be partitioned into the hydrophobic cavity of CD, which has a chiral structure; also the interaction plays an important role in the process of optical resolution. The MEKC mode was adopted as a model in this study to examine the effects of coiling because of its easy evaluation due to the resolution (Rs) for the enantiomeric separation as well as the existance of visually simple peak
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patterns on electropherogram. All of the DNS-DL-amino acids used were stereospecifically separated using a straight capillary with /3-or y-CD. The solutes migrated toward the negative electrode, and the D-isomers moved faster than did the corresponding L-isomers. These results were in agreement with those reported by Terabe et al. 3, 4 First of all, the effect of coiling on the electric-current value and the migration time were investigated. The current value increased and the migration time decreased along with an increase in the number of loops; 0 loop, 27 µA (current value) and 17.2 min (migration time); 3.5 loops, 28 µA and 16.3 min; 6.5 loops, 30 µA and 15.5 min; and 9.5 loops, 33 µA and 13.1 min, under the conditions shown in Fig. 1 . An insufficient dissipation of Joul heat due to coiling would lead to the above relations. Further, the relationship between Rs and the number of loops was examined ( Fig. 1) (the Rs were calculated using the equation Rs=2(tL-tD)/ 1.70( WhD+ WhL); tL and tD are the migration times of the D-and L-isomers, respectively, and WhD and WhL are their half-widths). The values of the Rs become lower with increasing the number of loops. Lowering of the Rs would also be caused by an increase in the capillary temperature due to Joul heat.
Thermal effects
In order to confirm the thermal effects, though indirectly, the influence of heat-dissipation plates on the Rs was examined, where a coiled capillary was inserted between Teflon or aluminum plates. As can be seen in Table 1 , Rs was improved by Teflon and aluminum plates in this order, as compared with no plates. As for the thermal conductivities for air, Teflon and aluminum are 0.03, 0.30 and 237 W m 1 K-1, respectively; the obtained results seem to be quite reasonable, considering the heat dissipation by the plates. In other words, the results of this experiment support the idea that lowering the Rs due to coiling should be attributed mainly to thermal effects. Figure 2 shows electropherograms obtained using a straight or coiled capillary with or without aluminum plates, respectively. It was shown that Rs became worse for DNS-DL-Phe by coiling, while was improved for DNS-DL-Phe and Trp by heat dissipation due to the plates. Although both we and Terabe et al.3,4 could not separate DNS-DL-Trp at all when using y-CD by a straight capillary, a top-separated peak was first observed for a sample using a coiled capillary inserted between aluminum plates (Fig. 2) . This fact directly indicated that a coiled capillary inserted between the plates was more effective than an ordinary straight capillary, at least for the present separation mode. The aluminum plates must remove heat from the coiled capillary more effectively than the environment around the straight capillary, i.e., air removed it from the straight capillary.
Race track effects
In a coiled capillary, the altered geometry of the capillary changes the distances that the migrating species must travel to reach the detector, with the outside tracks being longer than those inside. This phenomenon is called the "race track" effect. Karger et al.2 theoretically derived the increase in the height equivalent to a theoretical plate (H) per coil due to race-track effects under the condition that the mean migration times observed in a straight and a coiled capillary did not significantly differ, and then discussed the effects using the theoretical value of H. He also reported that in an open tubular capillary of 3.2-cm diameter coil, no significant effect of coiling on the performance in CE was Fig. 1 Relationship between the number of loops and the resolution of DNS-DL-Phe.
Conditions: capillary, 80-cm of 50 µm i.d. fused silica (including coiled parts of 1-cm diameter); applied voltage, 15 kV; and migration buffer, 50 mmol dm-3 borate buffer (pH 9.0) containing 100 mmol dm-3 SDS and 60 mmol dm-3 y-CD. Performance of a coiled capillary inserted between aluminum plates The relationship between the number of loops and the resolution is shown in Fig. 3 when using a coiled capillary with or without aluminum plates. The obtained results also indicated heat-dissipation effects of the plates. In addition, it was shown that a coiled capillary inserted between aluminum plates gave a better resolution than did a straight capillary. Even when a capillary having a few numbers of loops was employed, in other words, when only a small decrease of resolution was observed, the heat-dissipation effect of the plates was clearly confirmed.
Since the coiled capillary was just put between the plates without any binders or devices, we observed Rs over a period of one week in order to examine the reproducibility of any heat-dissipation effects. The results obtained for a straight capillary and a coiled capillary with or without aluminum plates are indicated in Fig. 4 . A coiled capillary inserted between the plates showed a smaller distribution and a better resolution than did other capillaries.
Although the data obtained for DNS-DL-Phe were mainly introduced in this report, all of the samples (DNS-DL-Phe, DNS-DL-Trp, DNS-DL-Asp, DNS-DL-Met, DNS-DL-Nle and DNS-DL-Leu) showed similar results; the values of Rs obtained by using a coiled capillary inserted between aluminum plates were better than, or at least equal to, that obtained by a straight capillary. The lowering of Rs caused by coiling could be sufficiently restored by a very simple treatment using small alumi- Fig. 3 Comparison of the resolutions of DNS-DL-Phe between coiled capillaries (S) with or (0) without aluminum plates. Conditions: capillary, 80-cm of 50-µm id. fused silica (including coiled parts of 1-cm diameter) and other conditions were same as those described in Fig. 2 . Fig. 4 Comparison of resolutions of DNS-DL-Phe of (a) straight, (b) coiled and (c) coiled capillaries inserted between aluminum plates. Conditions: capillary, 80-cm of 50-µm i.d. fused silica (coiled capillary was wound to ten loops of 1-cm diameter) and other conditions were same as those described in Fig. 2 
